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ABSTRACT
The study was conducted from early May to late July, 1992
at Oakville Prairie, Grand Forks Co., North Dakota.

The

clay-colored sparrow (Spizella pallida) was the most common
breeding bird at the site.

Also abundant at Oakville was

the brown-headed cowbird (Molothrus ater) , an obligcite brood
parasite.

The main objectives of the study were to assess

the impact of cowbird parasitism on the reproductive success
of this clay-colored sparrow population, and to examine some
factors that may influence the probability that a given nest
will be parasitized.
Forty-two clay-colored sparrow nests were found, and of
these, 16 (38%) were parasitized by cowbirds.

The

occurrence of cowbird eggs in sparrow nests conformed to a
Poisson distribution.

Sparrow clutch sizes in non-

parasitized nests were significantly greater than in
parasitized nests.

Apparent fledging rates from non-

parasitized and parasitized nests were also different (47%
versus 18%); the fledging rate for cowbird chicks was 32%.
Mayfield nest success rates for clay-colored sparrows were
31.7% from non-parasitized nests and 17.4% from parasitized
nests.

The height of a nest above ground apparently did not

influence its chance of being parasitized; however, its
viii

proximity to potential cowbird perch sites was a key factor
in determining whether or not it was parasitized.

Mean

distance to nearest perch site was significantly greater for
non-parasitized nests.

Of the 16 parasitized nests, only 3

were abandoned by female clay-colored sparrows, and there
were no observed incidents of cowbird egg ejection.

Based

on these data, the clay-colored sparrows at Oakville Prairie
were considered to be cowbird egg acceptors and tolerant
hosts.

ix

INTRODUCTION

The clay-colored sparrow (Spizella pallida) is ci small,
terrestrial bird that is locally abundant throughout midcontinental North America.

Its breeding range encompasses a

region extending from northeastern British Columbia to
southeastern Colorado in the west, and from southwestern
Ontario to Michigan in the east.

This species is probably

the most numerous grassland sparrow in North Dakota and the
southern regions of the provinces of Manitoba and
Saskatchewan (Johnsgard 1979).
Mexico and southern Texas.

It typically winters in

The clay-colored sparrow has

traditionally been considered a resident of prairie and open
shrubland habitat, although it also can be found at woodland
edges, shelterbelts, and retired croplands (Stewart 1975).
The clay-colored sparrow breeds from late May to late
July, with early June being the period of peak nest
initiation.

It is monogamous, and the female builds the

nest cind does most of the egg incubating.

The male will

usually defend the territory (up to 0.4 ha in area),
sounding its insect-like song from low perches.

Nests are

constructed of grasses, weeds, and rootlets, and are usually
situated near the ground in low shrubs of less than 1 m in
1

2
height.

Thickets of wolfberry (Svmhoricarpos occidentalis),

silverberry (Eleagrvus commutata), serviceberry (Amalanchier
alnifolia), hawthorn (Crataegus chrysoparia), and wild rose
(Rosa arkansanal are frequently utilized (Stewart 1975).
Clay-colored sparrow eggs are pale blue with small brown
spots, and clutch sizes range from 3-5.

The incubation

period is 10-11 days, and after hatching, the chicks are
able to leave the nest in 7-8 days.

If a reproductive

effort fails, this species will occasionally renest (Salt
1966, Knapton 1978).

The diet consists mainly of insects,

especially caterpillars and small moths; seeds of grasses
are sometimes eaten.

Both parents usually participate in

feeding the young.
Occurring sympatrically and interacting ecologically
with the clay-colored sparrow in North Dakota is the* brown
headed cowbird (Molothrus ater).
is an obligate brood parasite.

The brown-headed covbird

Of all the reproductive

strategies found among birds, perhaps none are as bizarre
and interesting as the phenomenon of brood parasitism.

A

brood parasite lays its eggs in the nests of "host species,"
and the host, in turn, rears the parasite’s young.

In a

sense, the brood parasite is a "cheater," because it passes
the costs of parental care along to other individuals.

In

addition, by placing its eggs in the nests of several hosts,
the parasite greatly increases the chance that at least a
few of its young will escape nest predation (Faaborg 1988).
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Despite its obvious advantages, brood parasitism is not
common.

In fact, only about 1% of all known bird species

are brood parasites (Payne 1977).
Like most brood parasites, the brown-headed cowbird
produces altricial young and is insectivorous.

Its hosts

are typically small passerine species that are also
altricial insectivores.

Friedmann (1971) identified 214

host species for the brown-headed cowbird.

Of these, 121

are known to have successfully reared young cowbirds.

Among

the observed hosts are some unlikely species such as the
spotted sandpiper (Actitis macularia), mourning dove
(Zenaida macroura), yellow-billed cuckoo (Coccyzus
americanus), and American crow (Corvus brachyrhvnchus).

The

use of these hosts is rare; however, given the large number
of species it utilizes, it is apparent that the cowbird is
an opportunist with respect to the nests it chooses for
placement of its eggs.
The period during which cowbirds lay their eggs is
typically between late April and mid-July (Wiens 1963,
Stewart 1975), with peak egg laying occurring in late May
and early June (Berger 1951).

The female cowbird faces the

task of selecting the host nests in which she will deposit
her eggs.

A cowbird typically finds suitable nests simply

by observing potential hosts as they construct their nests
early in the breeding season (Norman and Robinson 1975).
The female cowbird can often be seen on a strategic perch
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near a nesting site, silently watching potential hosts.

If

she chooses to lay in a given nest, she will typically
remove 1 of the host eggs while the nest is unattended.
On the following day, she will deposit 1 of her own eggs in
the nest.

Cowbirds have been observed to eat host eggs, and

also to remove host eggs from nests that were not
parasitized (Scott et al. 1992).
For a cowbird!s reproductive efforts to be successful,
at least a few of its young must fledge from the host nests.
Hamilton and Orians (1965) have identified 4 conditions that
must be satisfied if a young cowbird is to fledge.

First,

the host must lay its eggs at approximately the same time
the cowbird does.
the host.

Second, cowbird eggs must be accepted by

Third, the diets of a parasite and its host must

be similar (since the cowbird is an insectivore, its hosts
should also be insectivorous during brood rearing).
Finally, once a young cowbird is reared, it must desert its
foster parents and associate with conspecifics.
One very important feature of the cowbird-host system
that increases the likelihood that a young cowbird will be
successfully reared by its host is the relatively short
incubation period of cowbird eggs.

The incubation period

ranges from 11-13 days, which is several days shorter than
the periods for most of its common host species.

Thus, in a

parasitized nest, cowbird eggs will nearly always hatch
before those of the host.

In order for a cowbird to take
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advantage of the shorter incubation period, it must lay its
eggs before the host begins incubating.

Eggs that are laid

too late (i.e., after the host begins incubating) are
virtually guaranteed not to hatch (Berger 1951).

Assuming

the cowbird egg hatches first, the chances that the cowbird
will fledge are usually good.

Early hatching gives the

cowbird a considerable edge over its foster siblings.

At

any given time, the cowbird will be the largest nestling,
and will be fed the most often by the host parent.

Adult

birds are apparently unable to distinguish between their own
young and young of another species; instead, they respond
indiscriminately to begging behavior.

Thus, the large

cowbird chick represents a supernormal stimulus, and it will
grow at the expense of its younger nestmates (Hamilton and
Orians 1965).

In addition to outcompeting its foster

siblings for food, a cowbird nestling will occasionally
damage the eggs of the host before they hatch.

If these

factors are considered along with the removal of host eggs
by the adult female cowbird before she lays, it becomes
apparent that brood parasitism may cause a reduction in the
overall reproductive success of a host species.
The impact of brood parasitism on a host can be
determined by calculating both the proportion of host nests
that are parasitized and the difference in host fledging
success between parasitized and non-parasitized nests (Payne
1977).

Most older studies which dealt with cowbirds have
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provided parasitism rates for various host species, but
these rates were often based on relatively small sample
sizes (Fox 1961, Wiens 1963, Young 1963, Newman 1970, Hill
1976).

Thus, in many cases, it is difficult to evaluate the

importance of an individual species as a cowbird host.

A

species that appears to be an important host at one locality
may not be utilized by cowbirds in other areas.

The use of

a given host probably depends on the relative abundance of
other potential host species in the area.
A more meaningful measure of cowbird impact upon host
species is the magnitude of the decrease in fledging rates
from parasitized nests.

Wiens (1963) found that the overall

fledging success from non-parasitized nests was 44% in a
community of 8 host species in Oklahoma.
figure for parasitized nests was 28%.

The corresponding

From their study of a

population of solitary vireos (Vireo solitarius) in
Colorado, Marvil and Cruz (1989) demonstrated the dramatic
impact that cowbirds may have on their hosts.

About: 50% of

the vireo nests in their study were parasitized, indicating
that this species was a preferred host.

Average clutch

sizes were 3.7 and 3.2 host eggs per nest in non-parasitized
nests and parasitized nests, respectively; the difference
was due primarily to egg removal by cowbirds.

The fledging

rate for vireos in non-parasitized nests was 2.4 young per
nest, but only 0.5 young per parasitized nest;

these

figures translate into fledging success rates of 69% and

7
18%, respectively.

The low success rate in parasitized

nests was attributed to chick starvation resulting from the
presence of a large cowbird nestmate.

Cowbird fledging

rates from the same nests were approximately 45%.

In some

species, such as the clay-colored sparrow, host fledging
rates have been observed near zero in parasitized nests, as
these nests are usually deserted.

If brooding does occur,

then usually only the cowbird chick will fledge successfully
(Knapton 1978).
Nearly all of the known host species of the cowbird can
be classified as either "egg acceptors" or "egg rejectors"
(Rothstein 1976, Payne 1977).

Three distinct types of

rejection behavior by cowbird hosts have been identified:
desertion of parasitized nests, burial of the cowbird egg
within the nest (or egg depression), and removal of the
cowbird egg from the nest (Sedgwick and Knopf 1988).

All

individuals within a given population of a species cire
likely to show the same type of response to cowbird
parasitism.

Acceptance/rejection behavior shows little

geographic variation within most species; however, in some
species, responses to parasitism may vary between
populations (Hill 1976, Robertson and Norman 1977, Knapton
1978) .
The terms tolerant and intolerant have also been used to
describe the responses of hosts to brood parasitism.

A

host's tolerance has been defined as the ratio of the total
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number of cowbirds fledged from its nests to the total
number of cowbird eggs placed in those nests (Mayfield
1965).

If this ratio exceeds 0.2, the host is said to be

tolerant of cowbird parasitism.

Mayfield believed that the

longer a species has existed in sympatry with the cowbird,
the more effective its anti-parasite defenses will be, and
hence, the lower its tolerance.
The clay-colored sparrow is sympatric with the cowbird
over a large part of the range of the latter, yet its status
as an acceptor or rejector remains uncertain. Knaptcn (1978)
found that this species was the most common host for
cowbirds inhabiting low shrub communities in south-central
Canada; at one of his study sites, 54 of 93 (62%) claycolored sparrow nests were parasitized.
conducted at 2 sites.

Knapton's study was

At 1 site, the sparrows nearly always

accepted cowbird eggs; but at the second site, nearly all
parasitized nests were deserted.

Even though the eggs of

the 2 species are dissimilar (solid blue compared to white
with brown spots), clay-colored sparrows have never been
observed to remove cowbird eggs from their nests.

Two other

studies conducted on the clay-colored sparrow have produced
contradictory results, indicating that geographic variation
exists in its response to parasitism.

Salt (1966) found

that clay-colored sparrow populations in Alberta were
clearly cowbird egg rejectors, whereas Fox (1961) found that
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populations in Manitoba and North Dakota were egg acceptors,
and successfully reared cowbird young.
Several specific hypotheses were addressed in this
study:

1) Does brood parasitism have an impact on the

reproductive success of a local clay-colored sparrow
population?

Ho:

Parasitism has no impact on this species'

reproductive success.

2) Are clay-colored sparrows at the

study site cowbird egg acceptors?
sparrows are egg rejectors.

Hq:

These clay-colored

3) Does the height of a nest

above ground influence its likelihood of being parasitized
by cowbirds?

Ho:

Nest height does not influence its chance

of being parasitized.

4) Are nests that are located near

cowbird perch sites more often parasitized than those more
distant from such sites?

HQ:

Parasitized nests are located

at the same distance from cowbird perch sites as are nonparasitized nests.

Materials and Methods

Oakville Prairie is located approximately 19 km west of
Grand Forks, North Dakota (97° 19' W, 47° 55' N) in Oakville
Township (Section 16, T 151 N, R 52 W) of Grand Forks County
(Fig. 1).

The section is now part of an 800 acre (324 ha)

field station for the University of North Dakota.
16 itself encompasses 260 ha.

Section

Oakville Prairie has been the

site of numerous ecological studies in the past, because it
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Figure 1.

Location of the study site:

Oakville Township,

Section 16, Grand Forks County, North Dakota.
1 cm

28.7 k m .

Map scale:
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represents one of the few remnants of the virgin tallgrass
prairie in the region that has been left relatively intact
(Redmann 1972).
Located in the Red River Valley of eastern North Dakota,
the soil at Oakville Prairie is predominantly of the silt
loam and silt clay loam types.
topographic diversity.

It is an area of low

Oakville supports a large and

diverse floral community dominated by members of Poaceae,
Asteraceae, and Fabaceae (Facey 1986).

In addition, the

prairie rose (Rosa arkansana) and wolfberry (Svmhoricarpos
occidentalism are very abundant, and there is a fairly large
stand of box elder trees (Acer negundo) near the center of
the site.

The fauna at this site includes about 21 species

of mammals, and a fairly large and diverse community of
breeding and over- wintering birds (Kannowski 1982).

Some

of the more common breeding species include the clay-colored
sparrow, savannah sparrow (Passerculus sandwichensism,
grasshopper sparrow (Ammodramus savannarum), bobolink
(Dolichonvx oryzivorus), western meadowlark (Sturnella
neglecta), brown-headed cowbird, and American goldfinch
(Carduelis tristis).
This study was conducted from 1 May through 27 July,
1992.

During the first 3 weeks, before any clay-colored

sparrow nests were found, I compiled a list of all bird
species and recorded their dates of first appearance at the
site.

This list included both breeding and transient
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species.

In addition, locations of probable territories

were marked with colored ribbons.

By late May, clay-colored

sparrow nesting had begun, and a search for their nests was
initiated.
These nest searches were conducted between 0700 and
1100, 4 or 5 days per week.

M

of the search effort was

concentrated in areas where c]/-colored sparrows (usually
singing males) were most frequently seen, although nearly
every portion of the entire study site was searched at some
point during the study.

Selected areas were searched

thoroughly on foot, with the intent to flush female sparrows
(or other species) from their nests.

This technique proved

to be quite efficient, as the females would usually remain
on the nest until I approached within a short distance.
Once flushing occurred, the nest was usually located within
a short period of time.
Once a nest was found, its location was marked with 3
blue ribbons, which were attached directly to the
surrounding vegetation.

Later, these markers were replaced

with single wooden stakes (60 cm long), which were placed 1
m north of the nests.

Each stake was numbered according to

the sequence in which the nests were discovered.
nest, the following information was recorded:

For each

date found,

nest number, approximate location, and nest contents (number
of clay-colored sparrow eggs, and cowbird eggs, if any).
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The site was divided into 2 major subsections:

the

southwestern portion, which contained most of the shrubs:
and the eastern portion, which was open except for a large
clump of box elder trees.

A 3-day rotation was established

such that the southwest portion was searched on day 1, the
eastern portion was searched on day 2, and all the nests
discovered up until that time were examined on day 3.

This

rotation was followed from 2 June until 8 July, with
periodic checks of nests occurring throughout the subsequent
2 weeks.

On the days the nests were observed, the number of

sparrow and cowbird eggs, or number of live chicks were
recorded.

If eggs remained in a nest for more than 2 weeks

without hatching, the nest was considered abandoned.
Likewise, if a chick was observed in a nest for at least 6
days, it was considered to have fledged successfully.

Nests

that became empty or were overturned before fledging could
occur were considered to be lost to predation.

Using this

information, it was possible to compile a "history1' of all
the nests found at the site.
If not known precisely, dates of nest initiation were
estimated by using the assumption that clay-colored sparrows
lay 1 egg per day and eggs are incubated approximately 11
days before hatching (Knapton 1978).

It was thus possible

to work backwards from known hatching dates.

For successful

nests, it was assumed that nests were found immediately
after egg-laying was completed.
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Once most of the young /ere fledged, several
measurements v/ere taken at each nest site.

First, the

nest's height from the ground was measured, with the base of
the nest used as a reference point.
nearest perch site was determined.

Second, distance to the
A perch site was

considered to be any shrub, tree, or human-made structure
standing at least 1 m above the surrounding vegetation.
This was a purely arbitrary criterion based on observation
of cowbird activity at the site,

Third, the number of perch

sites within 100 m of each nest was determined.

If there

were more than 10 such structures in the vicinity, then the
number of perches was simply recorded as "many."
Because the highest concentration of nests was found in
the southwestern section of the site, a detailed map of the
region was constructed (Fig. 2).

A 500 x 300 m area was

marked off using colored ribbons at 50 m intervals.

Nests

were given coordinates (e.g., nest #1 at 350 m east, 100 m
north), and the positions of major clumps of trees or bushes
were recorded as well.
Mean sparrow clutch sizes were determined for both
parasitized and non-parasitized nests, and analyzed for
differences with a one-tailed t-test (Sokal and Rohlf 1981).
Average number of young fledged from parasitized and nonparasitized nests were tested in the same manner.

Fledging

rates (apparent nest successes) were computed by dividing
the total number of sparrow eggs found in all nests of each

15

Figure 2.

Map of the 300 x 500 m section at SW corner of

Section 16 of Oakville Township, indicating clay-colored
sparrow nest locations, 1992 (Shaded areas represent clumps
of shrubs).

16
type by the estimated totals of individuals that fledged
successfully from these nests.

Mayfield nest success rates

were calculated for both nest types (Mayfield 1975)

The

Mayfield technique should be used if exact egg-laying and
hatching dates are not known.

However, Klett and Johnson

(1982) cautioned that Mayfield nest success figures may be
unreliable if compared units consist of less than 50 nests.
Average clutch sizes and fledging rates were also ceilculated
for cowbird young in parasitized nests.

The distribution of

cowbird eggs among all sparrow nests at the site was
compared to an expected Poisson distribution to determine
whether brood parasitism could be considered as a "rare and
random event" at Oakville Prairie.
Mean distances to the nearest perch site for parasitized
and non-parasitized nests were determined, and tested for
differences using a one-tailed t-test.

Average nest heights

were likewise compared for the 2 nest types.

In addition, a

comparison of parasitism rates between those nests having
>10 perch sites within 100 m (which I estimated to be the
maximum distance at which potential hosts could be observed)
and those having <10 such sites within 100 m was made.
Finally, a summary table of the fates of all sparrow eggs in
both parasitized and unparasitized nests, and the fates of
all cowbird eggs, was compiled (Appendix A).

RESULTS

Forty-two clay-colored sparrow nests were found.

Date

of nest initiation extremes were estimated to be 26 May and
5 July (Fig. 3).

Most nests (29 of 42; 68%) were initiated

between 26 May and 10 June.
Of the 42 active nests found, 16 (38%) contained brown
headed cowbird eggs.

For the 26 non-parasitized clay-

colored sparrow nests, the mean clutch size was 3.4 eggs
(Table 1).

In contrast, the 16 parasitized nests averaged

2.1 sparrow eggs per nest.

This difference between

parasitized and non-parasitized nests was highly significant
(t = 4.78, df = 40, P < 0.001).

Among parasitized nests,

the mean number of cowbird eggs was 1.4 (Table 1).
Specifically, 11 nests contained 1 cowbird egg, 4 contained
?

eggs, and 1 contained 3 eggs.

The placement of cowbird

eggs among all sparrow nests at the site closely
approximated the Poisson distribution (X2 = 0.61, df = 2,
P = 0.70) .
Fledging rates from parasitized and non-parasitized
nests were also significantly different (t = 2.75, df = 40,
P < 0.01).

Of the 89 sparrow eggs in non-parasitized nests,

42 (47%) chicks fledged (X = 1.6 per nest; Table 2).

For

parasitized nests, 6 sparrow chicks fledged from 34 eggs
17

18

Time period

Figure 3.

Estimated dates of nest initiation for clay-

colored sparrows at Oakville Prairie, 1992.
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(X = 0.4 pr>. nest; 18% success rate).

The Mayfield nest

success figures were 31.7% and 17.4% for non-parasitized and
parasitized nests, respectively.

Mean cowbird fledging rate

was 0.4 chicks per parasitized nest; of the 22 cowbird eggs
found, 7 (32%) chicks survived (Table 2).

Table 1.

Average clutch sizes of clay-colored sparrows and

brown-headed cowbirds, Oakville Prairie, 1992.

Species

X

n nests

range

SE

Clay-colored sparrow3
Non-parasitized nests

3.4

26

1-4

0.2

Parasitized nests

2.1

16

1-4

0.2

1.4

16

1-3

Brown-headed cowbird
Parasitized nests

aDifference in mean clutch size between parasitized and
non-parasitized nests was very highly significant
(P < 0.001).

The average height of clay-colored sparrow nests cibove
ground level was 13.1 cm, and did not differ between
parasitized (X = 11.6 + 1.8 cm (SE); range 0-26) and nonparasitized nests (X = 14.0 + 1.6 cm (SE); range 0-33).
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Parasitized nests were located significantly closer to perch
sites than were non-parasitized nests (Table 3). Of the 22
sparrow nests having >10 perch sites within a 100 xn radius,
13 (59%) were parasitized by brown-headed cowbirds.
However, of the 20 nests having <10 perch sites within 100
m, only 3 (15%) were parasitized (Table 4).

In addition, of

the 16 parasitized nests, 13 (81%) were located in the
vicinity of >10 perch sites.

The corresponding figure for

non-parasitized nests was 35% (9 of 26) .

Table 2.

Fledging success for clay-colored sparrows and

brown-headed cowbirds, Oakville Prairie, 1992.

Species

n eggs

n fledged

X/nest:a

%b

Non-parasitized nest

89

42

1.6

47

Parasitized nest

34

6

0.4

18

22

7

0.4

32

Clay-colored sparrow0

Brown-headed cowbird
Parasitized nest

aNumber of nests in each group is same as in Table 1.
bApparent nest success (n fledged / n eggs)
cFledging success rates between parasitized and nonparasitized nests were significantly different (P < 0.01).
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Table 3.

Mean distances of clay-colored sparrow nests to

nearest perch site, Oakville Prairie, 1992.a

Nest status

X

(m)

n nests

SE

Range

Non-parasitized nests

39.3

6

6.2

2-105

Parasitized nests

16.6

16

3.4

2-53

aPerch site = any shrub, tree or human-made structure at
least 1 m above the surrounding vegetation; see Methods.
Difference is significant (t = 2.74, P < 0.05).

Table 4.

Comparison of parasitism rates between nests

having >10 perch sites within 100 m, and those <10 perch
sites within 100 m, Oakville Prairie, 1992.a

n perches

n nests

n parasitized

%

>10

22

13

59

<10

20

3

15

aSee Table 3 for definition of "perch site."
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Of the 6 sparrows that fledged cowbird young, 5 reared 1
cowbird chick and 1 successfully raised 2 chicks.

Fates of

the remaining 15 cowbird eggs are given in Table 5.

Of the

89 clay-colored sparrow eggs in non-parasitized nests, 47
did not produce viable chicks.

Most losses (31) were

attributable to nest destruction or predation (lable 5).
One interesting trend that was apparent when considering the
fates of the non-parasitized nests was that nesting attempts
made later in the season (including renests) were more
successful than those attempted earlier:

8 (50%) of the 16

non-parasitized nests initiated on or before 5 June were
destroyed, whereas only 1 of 10 initiated after 5 June was
lost.
Of the 6 clay-colored sparrow chicks fledged from
parasitized nests, only 2 came from nests that also produced
brown-headed cowbird chicks.
siblings failed to fledge.

In each case, 2 other sparrow
Two sparrow chicks fledged from

a single nest in which the cowbird eggs did not hatch until
at least 6 days after those of the sparrows.

The other 2

clay-colored sparrow chicks were produced in nests in which
the cowbird eggs did not hatch.
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Table 5.

Fates or .Aay-colored sparrow and cowbird eggs and

young, Oakville Prairie, 1992.

Cowbird

n

Clay-colored

sparrow eggs

sparrow eggs

(not parasitized)

eggs

Fate

Clay-colored

n

%

(parasitized)

n

%

%

Fledged

7

32

42

47a

Young died

4

18

10

11

CM

o

69

2

9

NA

NA

NA

NA

2

9

3

3

0

0

Nest destroyed

2

9

31

35

3

9

Nest abandoned

4

18

3

3

5

15

Fate unknown

1

4

0

0

0

0

18a

6
-Q

in nest
Young hatched
too late
Eggs failed
to hatch

aMayfield nest success figures were 32% and 17%.
b16 of these young disappeared during the study and are
assumed to have starved.

DISCUSSION

According to the criteria established by Mayfield
(1965), if brown-headed cowbird eggs appear in 30% or more
of the nests of a given species, then the host should be
considered "heavily parasitized."

Brood parasitism by

cowbirds on the clay-colored sparrow population at the
Oakville Prairie site would thus be considered "heavy."
Given this high rate of parasitism, and the apparent
abundance of the clay-colored sparrow at the site (in terms
of the number of nesting pairs observed), it is probably the
major host for the brown-headed cowbirds at Oakville
Prairie.

Stewart and Kantrud (1972) listed the clay-colored

sparrow as the eighth most abundant avian species in North
Dakota, with an estimated 795,000 breeding pairs statewide.
The major hypotheses that were addressed by this study are
discussed below.

Hq:

Cowbird parasitism had no impact on the reproductive

success of the clay-colored sparrow population at the;
Oakville Prairie site.
Based on analysis of the data collected, this hypothesis
was rejected.

The average clutch size in parasitized clay24

25
colored sparrow nests was significantly less than the clutch
size for non-parasitized nests.

The most likely explanation

for this finding is the removal of host eggs by female
cowbirds, although this was not observed directly in this
study.

Typically, a cowbird will replace a host egg with

one of its own.

This "egg replacement hypothesis" explains

the pattern of egg distribution observed except in one case
(i.e., the nest containing 4 sparrow and 2 cowbird eggs is
difficult to account for given the fact that clutch sizes
for clay-colored sparrows at the site never exceeded 4).
Nevertheless, replacement probably accounts for most of the
difference in sparrow clutch sizes between the 2 types of
nests.
The fates of the clay-colored sparrow eggs in nonparasitized nests indicates that there was a fairly high
rate of natural egg mortality in this population.

In

numerous instances, entire clutches were lost, presumably as
a result of predation.

It was noted that in most nests not

subject to predation or parasitism, all individuals in the
nest fledged.

Most successful nests in this study were

begun later in the season; this seasonal trend indicated
that the risk of mortality due to nest predation declined as
the sparrow breeding season progressed.

On the other hand,

the Oakville Prairie sparrow population seemed equally
vulnerable to cowbird parasitism throughout its nesting
period.

26
Data from this study indicate that if a cowbird egg
hatches before those of the clay-colored sparrow in a
parasitized nest, then the entire sparrow clutch will
usually fail.

Knapton (1978) arrived at the same conclusion

in his study of clay-colored sparrows.

In my study, there

were 2 instances where sparrows apparently fledged alongside
cowbird chicks.

In comparing cowbird and clay-colored

sparrow chicks, the cowbird chicks were considerably larger
at any given time.

Thus, sparrow chicks may have been

literally "crowded out" of their nests.

Clay-colored

sparrow nests are quite small (averaging about 8 cm in
diameter), and by the time a cowbird chick attains 6-8 days,
it occupies the whole nest cavity, leaving little space for
anything else (personal observation).

Hqj__ The clay-colored sparrows at Oakville Prairie are
cowbird egg rejectors.
The 32% success rate for cowbird eggs fledged from
sparrow nests exceeds the 20% threshold value used to define
a given host as tolerant (Mayfield 1965).

It is generally

believed that the longer a species has existed in sympatry
with the cowbird, the more effective its anti-parasite
defenses will be, and hence, the lower its tolerance.

Since

the historic ranges of the clay-colored sparrow and brown
headed cowbird overlapped extensively, the fact that this
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sparrow appears to be a tolerant host is somewhat
surprising.
There are 3 major types of anti-parasite defenses found
among brown-headed cowbird hosts, and these are collectively
referred to as "rejection" behavior.
desertion of parasitized nests.

The first is host

Of the 3 forms of

rejection, this would appear to be the least effective,
since it will result in the loss of the entire clutch of the
host species.

The second form of rejection is not common,

and is characterized by the burial of cowbird eggs within
the nest (also called egg depression).

The third, cind most

common, form of rejection is the recognition and removal of
cowbird eggs from the host nest.

While this would seem to

be the ideal solution to the problem of brood parasitism, it
actually is not, because in most cases, a host egg has
already been removed by the female cowbird.

In reality, the

only truly effective defense against brood parasitism is to
actually avoid being parasitized

(Robertson and Norman

1976).
The clay-colored sparrow population at Oakville Prairie
exhibited a low level of rejection behavior in the form of
nest desertion (3 of 16 hosts deserted parasitized nests),
resulting in the loss of 5 eggs.

There are no documented

cases of cowbird egg removal from nests of this species, as
these sparrows apparently lack the ability to distinguish
between their own eggs and those of the cowbird (Kneipton
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1978).

Salt (1966) found that nest desertion seemed to be

the only anti-parasite defense in a Saskatchewan population
of clay-colored sparrows.
Rothstein (1976) studied the responses of 18 common host
species to brood parasitism by brown-headed cowbirds, and
observed that 6 of the species he studied could be
classified as rejectors, whereas the other 12 appeared to be
egg acceptors.

The 6 rejector species removed an average of

96% of all cowbird eggs from their nests (range 88-100%),
whereas the 12 acceptors removed an average of just 13.5% of
cowbird eggs from their nests (range 0-42%).

None of the

species were intermediate, rejecting eggs between 43% and
87% of the time.

Rothstein (1971, 1975) believed that since

rejection behavior carried such a strong selective
advantage, it should be nearly 100% and fixed in rejector
populations.

Species that have rejection rates of about 50%

should be extremely rare. In contrast, most species
classified as acceptors do show low levels of rejection
behavior, but in such species, egg rejection is often
incidental, and may not be a cowbird-specific response.
Using Rothstein's criteria, the clay-colored sparrows, of
Oakville Prairie are clearly cowbird egg acceptors, showing
a rejection rate of just 19%.

Thus, the second null

hypothesis that these sparrows are cowbird egg rejectors is
also rejected.

Because this population is heavily

parasitized and suffers a significant reduction in its
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reproductive success as a result of brood parasitism by
cowbirds, the fact that more effective anti-parasite
defenses have not evolved is puzzling.

In general, the more

severe the losses suffered by a host species due to cowbird
parasitism, the stronger the selection pressure will be for
the development of such defenses.

In particular, we would

expect to see cowbird egg removal, or in some cases,
aggressive behavior by hosts against female cowbirds
(Robertson and Norman 1977).

Perhaps the clay-colored

sparrow population at Oakville Prairie has only recently
been exposed to cowbird parasitism, and thus, rejection
behavior has not had sufficient time to develop.

Hq:

The height of a clav-colored sparrow nest above the

ground does not influence its chance of being parasitized.
I do not have sufficient data to reject this hypothesis.
Since all clay-colored sparrow nests were situated near the
ground (the maximum nest height was 33 cm), it was not
surprising that nest height was not a critical factor in
determining whether or not that nest would be located by
cowbirds.

Since cowbirds apparently locate nests by

observing the activities of their hosts rather than through
active searching (Hann 1941, Norman and Robinson 1975), it
would seem that any efforts by a host to conceal its nest,
or somehow make it less visible, would be useless.
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Hq:

Parasitized nests are located at the same distance

from cowbird perch sites as are non-parasitized nests.
The data from this study suggest that a potential host
can decrease its chance of being parasitized by cowbirds if
it elects to build its nest in areas far from any trees or
large shrubs that can be used as perch sites by cowbirds.
Therefore, this final hypothesis is rejected.

It is widely

believed that host nests that are located around the edges
of open areas are more vulnerable to cowbird parasitism than
those located far from edge areas.

In a study conducted in

western Minnesota, Johnson and Temple (1990) found that all
of the 5 host species present (including the clay-colored
sparrow) were parasitized less frequently when they nested
in open grassland areas.

For clay-colored sparrows, the

parasitism rates were 18% for "edge" nesters, and 3% for
"open" nesters.

There are 2 possible reasons for increased

brood parasitism in transitional areas.

First, there is

usually a greater mixture of host species in such areas.
More importantly, though, such areas usually contain
elevated perches from which cowbirds can monitor potential
hosts.

Johnson and Temple (1990) believed that the addition

of wooded edges or "shelter belt" areas to prairie habitats
may provide cowbirds with an advantage over traditional
prairie-nesting birds that are otherwise adapted to avoid or
deal with brood parasitism.

31
Short-grass areas interspersed with trees or bushes are
particularly desirable for cowbirds, due to good perch site
availability.

It was this type of habitat that also

appeared to be preferred by clay-colored sparrows at
Oakville Prairie, as the bushes were frequently used as
perch sites by singing males exhibiting territorial
behavior.

Clay-colored sparrow nests were found most

frequently in the southwestern section of the site,
where brown-headed cowbird activity, and hence the risk of
brood parasitism, was at its highest.

While the presence of

many cowbird perch sites may explain the high incidence of
parasitism on this clay-colored sparrow population, it does
not explain why this species is so tolerant to parasitism
when nearly all other traditional grassland birds, such

a s

the vesper sparrow (Pooecetes qramineus), Western
meadowlark, bobolink, and dickcissel (Spiza americana) are
consistently intolerant hosts (Mayfield 1965).

Management Implications

Given the fact that perch sites seem to give cowbirds an
advantage over clay-colored sparrows (and probably other
grassland-nesting birds as well), and that this species
seems to be defenseless against brood parasitism, it is
apparent that the addition of trees and shrubs to open
grassland areas may be detrimental to resident clay-colored
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sparrow populations.

Conversely, in areas where clay-

colored sparrows are heavily parasitized by cowbirds,
the removal of such vegetation by prescribed burning or
other methods may increase the reproductive success of this
host species.
Although trees and shrubs may promote greater
vulnerability to brood parasitism for some species, the
benefits of having woody vegetation present (i.e., nesting
sites, protection, food) may outweigh the costs for other
species.

Certainly, creating a more diverse habitat

encourages a more diverse avian community.

Since there is

growing interest in the status of non-game species, the
effects of habitat alterations on such species should be
given consideration before management decisions are made.
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Appendix A. Table 6. Summary of clay-•colored sparrow
nesting data, Oakville Prairie, 1992.
I
1
2
4
5
6
7
8
9
10
11
12
13
15
17
18
19
20
21
22
24
25
26
27
28
29
30
31
32
33
34
35
37
38
39
40
41
42
43
44
46
47
48

Date N.I.1
29 May
26 May
30 May
31 May
1 June
31 May
2 June
2 June
31 May
3 June
1 June
2 June
28 May
3 June
5 June
5 June
6 June
4 June
6 June
5 June
5 June
7 June
5 June
31 May
31 May
9 June
11 June
10 June
1 June
12 June
10 June
14 June
18 June
15 June
18 June
14 June
19 June
22 June
22 June
24 June
22 June
5 July

P2

NP3

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

CCS4
1
4
4
4
3
4
1
1
4
3
4
4
3
4
3
3
2
3
3
2
4
2
3
4
1 (?)
2
2
3
3
2
2
4
4
3
2
4
3
3
2
4
4
3

CBD5
1
2
0
0
0
0
1
1
0
0
0
0
0
0
0
0
0
1
0
1
0
1
1
0
0
2
1
1
0
1
3
0
0
0
2
0
0
2
1
0
0
0

Key to abbreviations: Estimated date of nest
initiation; 2parasitized nest; 3non-parasitized nest; ^laycolored sparrow eggs; 5brown-headed cowbird eggs.
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Appendix A. Table 6 (continued). Summary of clay-colored
sparrow nesting data, Oakville Prairie, 1992. Dates in
parenthesis are fledging dates.
Nest
1
2
4
5
6
7
8
9
10
11
12
13
15
17
18
19
20
21
22
24
25
26
27
28
30
31
32
33
34
35
37
38
39
40
41
42
43
44
46
47

Nest ht.5 Perch dist.6
18
5
15
5
15
10
8
10
5
15
30
8
10
5
13
18
21
13
21
5
5
5
21
10
10
15
15
10
13
0
15
13
21
21
23
13
26
5
21
28

2
17
2
16
11
66
14
5
74
72
59
73
4
25
26
2
3
7
43
18
26
3
36
59
12
26
53
33
6
18
105
33
21
25
19
16
9
14
103
54

# perches7 Fledqed8
M
M
M
3
2
3
M
M
2
M
2
2
M
M
M
M
M
M
3
M
1
M
M
2
4
M
5
2
M
M
0
1
2
3
2
4
M
M
0
1

0/0
0/2
0/0
0/0
0/0
4/0
0/0
1/0
3/0
0/0
3/0
0/0
0/0
0/0
3/0
0/0
0/0
0/0
3/0
1/0
0/0
0/1
1/1
3/0
0/0
0/0
1/1
3/0
0/0
0/0
0/0
4/0
0/0
2/0
4/0
0/0
o/i
0/1
4/0
4/0

Fate
Ab9
(6/24)
Dest
Dest10
Ab
(6/21)
Dest
(6/18)
(6/21)
Dest
(6/21)
Dest
Dest
Dest
(6/24)
Dest
Dest
Ab
(6/24)
(6/21)
Dest
(6/28)
(6/24)
(6/18)
Ab
Mort11
(6/28)
(6/23)
Dest
Mort
Mort
(7/8)
Mort
(7/8)
(7/5)
Mort
(7/12)
(7/12.)
(7/15)
(7/12)

Key to abbreviations: 5height of nest in cm; 6distance to
nearest perch site in m; 7number of perches >1 m in height
within 100 m of clay-colored sparrow nests; M = >10;
8sparrows/cowbird; 9nest abandoned; 10nest destroyed; 11chicks
found dead in nests.
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